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Abstract: Quantum Zeno Effect (QZE) has been one of the most interesting phenomena in
quantum mechanics ever since its discovery in 1977 by Misra and Sudarshan [J. Math. Phys. 18, 756
(1977)]. There have been many attempts for experimental realization of the same. Here, we present
the first ever simulation of QZE on IBM quantum experience platform. We simulate a two-level
system for Rabi-driven oscillation and then disturb the time evolution by intermediate repetitive
measurements using quantum gates to increase the survival probability of the qubit in the initial
state. The circuits are designed along with the added intermediate measurements and executed on
IBM quantum simulator, and the outcomes are shown to be consistent with the predictions. The
increasing survival probability with the number of intermediate measurements demonstrates QZE.
Furthermore, some alternative explanations for the obtained results are provided which leads to
some ambiguity in giving the exact reasoning for the observed outcomes.
I. INTRODUCTION
Quantum Zeno Effect (QZE) says that if we do re-
peated measurements on an unstable quantum system
then we can slow down the quantum mechanical evolu-
tion of the system. This unusual effect after its discovery1
triggered many experimentalists to observe it practically.
Many successful attempts2–10 have been reported so far
in various experimental conditions. While the first at-
tempt was to observe QZE in a two-level system with
Rabi-driven oscillation2, the later ones focussed on multi-
level systems10, superconducting qubits11,12 etc. How-
ever, no attempts have been reported so far to simulate
this effect on a quantum computer. Here, we address this
issue by simulating QZE on IBM Quantum Experience
(IBM QE).
We have tried to suppress the evolution of the initial
state to a final state in a two-level Rabi-driven oscilla-
tion by frequent intermediate ‘measurements’. In other
words, we have attempted to increase the probability of
finding the qubit in the initial state when a unitary oper-
ator tends to evolve it to the final state by using frequent
intermediate ‘measurements’. To be more precise, the at-
tempt is to increase the survival probability (probability
of surviving in the ground state) of the qubit during the
two-level transition. It would be apt to mention that we
have used the term ‘measurement’ here in a loose sense
and its actual interpretation with relevance to this arti-
cle is discussed later in Section III C. At some places, we
have also used the word ‘disturbance’ for ‘measurement’
as the former seems more generic. On the IBM QE, we
have used U3 gates and CNOT gates as the intermedi-
ate disturbances while the the states |0〉 and |1〉 as the
initial and final states of the desired two-level system re-
spectively. From the knowledge of the Hamiltonian, H
that would drive the two-level Rabi oscillation, we con-
struct the time evolution operator, U and implement it
using the U3 gate on IBM QE platform. To implement
the frequent intermediate disturbances we change the pa-
rameters of the U3 gate and use them along with CNOT
gates as shown in the Fig. 3.
II. THEORY
The simplest non-trivial quantum mechanical example
for explaining QZE would be the two-level system13,14.
Let us consider the well known Rabi oscillation for a two-
level system caused by a generic Hamiltonian of the form
Hˆ = Ω(|0〉 〈1| + |1〉 〈0|) where Ω is a time-independent
constant. This Hamiltonian takes the qubit from state
|0〉 to |1〉 and from state |1〉 to |0〉 and its matrix form
looks like:
Hˆ =
(
0 Ω
Ω 0
)
(1)
Clearly then, Hˆ |0〉 = Ω |1〉 and Hˆ |1〉 = Ω |0〉. We can
exponentiate this Hamiltonian to find the time evolution
operator as:
Uˆ = e−iHˆt =
(
cos(Ωt) −isin(Ωt)
−isin(Ωt) cos(Ωt)
)
(2)
It can be easily seen that if Uˆ acts on the initial state
|0〉 then it would result in a superposition of states |0〉
and |1〉.
Uˆ |0〉 = cos(Ωt) |0〉 − isin(Ωt) |1〉 (3)
Eq. (3) clearly shows that the survival probability, Ps
of staying in state |0〉 after some time ‘t ’ is cos2(Ωt). We
can further write:
Ps = cos
2(Ωt) =
1
2
(1 + cos(2Ωt))
=
1
2
(1 + 1− (2Ωt)
2
2!
+
(2Ωt)4
4!
− . . .) (4)
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2Neglecting the higher order terms by considering t to
be small we obtain:
Ps =
1
2
(
2− (2Ωt)
2
2
)
= 1− Ω2t2 (5)
Now, if we divide t to ‘n’ intervals and ‘measure’ after
each interval then after the final nth interval’s ‘measure-
ment’ the survival probability becomes:
Ps =
(
1− Ω2
(
t
n
)2)n
(6)
Considering tn to be very small as compared to 1 we
can further write Eq. (6) as:
Ps = 1− Ω
2t2
n
(7)
Eq. (7) clearly shows that the survival probability in-
creases with the number of intervals or the number of
intermediate ‘measurements’ n and with increasing value
of n the survival probability tends towards unity.
Ps ∝ n and lim
n→∞Ps = 1 (8)
III. IMPLEMENTATION ON IBM QUANTUM
EXPERIENCE
A. Setting up the basic circuit
When we think of implementing the above theoretical
formulation on IBM QE the primary task is to prepare
the desired initial state and the unitary time evolution
operator. IBM QE initializes all the qubits in the state
|0〉, hence the first task is done. For the second task,
we use the U3 gate provided on IBM QE; we set the
parameters θ, φ and λ as per our requirement to simulate
Uˆ of Eq. (2). The U3 gate on IBM QE has the following
form:
U3(θ, φ, λ) =
(
cos(θ/2) −eiλsin(θ/2)
eiφsin(θ/2) ei(λ+φ)cos(θ/2)
)
(9)
Thus, by choosing the parameters φ = −pi/2, λ = pi/2
and θ = 2Ωt, we make U3 equal to Uˆ . Now, we are ready
to operate Uˆ on state |0〉 i.e., to implement U3 on qubit
q[0] as shown in Fig. 1.
The measurement gate added to the circuit after U3
gate in Fig. 1 measures the qubit q[0]. If we choose
θ = pi/2 then q[0] is measured to be found in |0〉 and |1〉
with roughly equal probability of 50% as shown in the
Fig. 2 which is in fact what we would expect theoretically
from Eq. (3).
FIG. 1. Circuit describing the operation of U3 on q[0]
qubit where, the U3 has the value of θ = pi/2, φ = −pi/2 and
λ = pi/2. The measurement gate measures only the first
qubit in the computational {|0〉, |1〉} basis.
FIG. 2. Measurement outcomes of q[0] after the operation
of U3 on ibmq qasm simulator for 8192 shots, which gives
precisely 50.464% probability for state |0〉 and 49.536% for
state |1〉.
B. Adding the intermediate measurements
In the next step, we proceed towards observing the
QZE. Hence, we add the intermediate disturbances di-
viding the ‘measurement’ interval to equal halves. For
n=2, we use two U3 gates each having θ=pi/4. The val-
ues of φ and λ are kept unchanged. Further, we add one
CNOT gate right after each U3 gate and at the end we
put the measurement box in the qubit line of q[0]. For
making the above circuit, we use the fact that the use
of two U3 gates having θ = pi/4 is equivalent to the use
of a single U3 gate with θ = pi/2; this concept is further
explained in the Appendix A. The resulting circuit is de-
scribed in Fig. 3 and the outcomes of the measurement
of this circuit are shown in Fig. 4.
We have used here the result that operating one U3
gate with θ=pi/2 is equivalent to operating two U3 gates
with θ=pi/4 and to generalize it we can say that operating
one U3 gate with θ=pi/m is equal to operating n U3 gates
sequentially with θ=(pi/m)/n=pi/mn.
We can clearly see the effect of adding one intermediate
measurement; the survival probability goes to roughly
75% from 50%. Next, we keep increasing the value of n in
our quantum circuit gradually and with each increment of
n we put one extra U3 gate along with one extra CNOT
gate by taking θ=pi/2n. We put the measurement gate
at the end. For example, for n=4, we take four U3 gates
each having θ=pi/8 and followed by a CNOT as shown
in Fig. 5.
We prepare different quantum circuits for each n and
3FIG. 3. Quantum circuit for n=2. The circuit describes the
operation of two U3 gates and two CNOT gates on q[0] where,
each of the U3 has the value of θ = pi/4, φ = −pi/2 and
λ = pi/2. The measurement gate measures only the first qubit
in the computational (|0〉, |1〉) basis.
FIG. 4. Measurement outcomes of q[0] after the operation
of two U3 gates with parameters θ = pi/4, φ = −pi/2 and
λ = pi/2 and two CNOT gates on ibmq qasm simulator for
8192 shots, which gives precisely 74.927% probability for state
|0〉 and 25.073% for state |1〉.
take measurements for n=2 to 14. We then plot the ob-
tained survival probabilities against their corresponding
n. We do the above process for five different sets of θ
values; θ= pi/2, pi/3, pi/4, pi/5, pi/6 and then plot the
curves of survival probability for each set of θ value. The
resulting plot is given in Fig. 6.
It is very conspicuous from Fig. 6 that the survival
probability increases continuously with n and then satu-
rates close to 100% for higher values of n. This demon-
strates the QZE.
C. The meaning of ‘measurement’ here
The question of what defines a ‘measurement’ in the
context of QZE has been debated vigorously in the
literature2,15–20. Different researchers have used differ-
ent methods to show measurements in the context of
QZE21,22. Sometimes using the term ‘intermediate dis-
turbance’ seems more convenient while sometimes the
term ‘projective measurement’ makes more sense. To
avoid going into the controversial interpretation of its ac-
tual meaning we would like to call it deferred and im-
plicit measurement23. The principle of deferred and
implicit measurement says that if we leave some quantum
wires untouched we can assume they are measured24,25.
Based on this principle, we can treat each intermediate
CNOT gate as a valid intermediate measurement and
FIG. 5. Quantum circuit for n=2. The circuit describes the
operation of four U3 gates and four CNOT gates on q[0]
where, each of the U3 has the value of θ = pi/8, φ = −pi/2
and λ = pi/2. The measurement gate measures only the first
qubit in the computational (|0〉, |1〉) basis
FIG. 6. The plot of survival probability vs number of interme-
diate measurements n. The series 1, 2, 3, 4 and 5 correspond
to the θ values pi/2, pi/3, pi/4, pi/5 and pi/6 respectively. The
curve for a higher θ value saturates faster as its initial survival
probability (for n=1) of it is higher.
thus it is these intermediate CNOT gates which causes
the increase in the survival probability.
IV. CONCLUSION
We have shown here that the survival probability of
staying in state |0〉 increases with the number of inter-
mediate measurements; more particularly ‘deferred and
implicit measurements’. In other words, we have sup-
pressed the transition of the qubit from state |0〉 to |1〉.
From this point of view, the observed behaviour in Fig.
6 seems to demonstrate QZE. However, looking at the
theoretical details of the quantum circuits as done in Ap-
pendix B, the observed behaviour just looks like the out-
comes of the trivial calculations for the operation of U3
and CNOT gates. This creates an ambiguity in whether
we can call it as a valid demonstration of QZE or not.
Thus, we would like to conclude here with this open ques-
tion and suggest a deeper look into the matter in future
4work. Moreover, we propose extending this methodology
of adding ‘deferred and implicit measurements’ to higher
level systems. That would require us to come up with
clever ways to simulate the time evolution operator us-
ing the gates of the IBM QE library and the multi-energy
levels using multiple-qubit states. One particular imple-
mentation could be of a three level system’s dynamics
where we would like to confine the transitions to only
the lower energy levels by suppressing the transition to
the highest energy level. In fact, this could be the simu-
lation of a possible resolution to the leakage problem in
superconducting quantum computing architectures14.
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Appendix A: The reasoning using which we
decompose a single U3 to multiple U3.
In Section III B, we have used the result that operating
one U3 gate with θ = pi/2 is equivalent to operating two
U3 gates with θ = pi/4 and to generalize it we can say
that operating one U3 gate with θ = pi/m is equal to
operating n U3 gates sequentially with θ = (pi/m)/n =
pi/mn.
To give specific examples, we start with m=2 and n=8.
This particularly refers to using 8 U3 gates sequentially
each having θ = pi/2. The circuit and its measurement
outcomes are shown in Fig. 7. It can be seen that the
survival probability is found to be 50.122% which is in
close agreement with the result obtained in Fig. 7 i.e.,
for a single U3 gate with θ = pi/2.
FIG. 7. Plot showing the outcomes of measurement for eight
U3 gates each having θ = pi/16. After the comparision with
Fig. 2, the 50% probability of getting state |0〉 here shows
that using eight U3 gates of θ = pi/16 is equivalent to using
one U3 gate of θ = pi/2.
Next, we take the example for m=5 and n=14. This
particularly refers to using 14 U3 gates sequentially each
having θ = pi/5. The circuit and its measurement out-
comes are shown in Fig. 9. It can be seen that the
survival probability is found to be 90.381% which is in
close agreement with the result obtained in Fig. 8 i.e., for
a single U3 gate with θ = pi/5 which gives the survival
probability as 90.485%. In this way we can verify this for
all different values of m and n on IBM QE.
FIG. 8. Plot showing the outcomes of measurement for one U3
gate having θ = pi/5. It shows the probability for obtaining
state |0〉 to be around 90%
FIG. 9. Plot showing the outcomes of measurement for four-
teen U3 gates each having θ = pi/70. After comparision with
Fig. 8, the 90% probability of getting state |0〉 here shows
that using fourteen U3 gates of θ = pi/70 is equivalent to
using one U3 gate of θ = pi/5
Appendix B: The theory behind the operation of
intermediate U3 and CNOT gates
From Eq. (3) we can find the form of U3 matrix for
φ = −pi/2 and λ = pi/2 to be:
U3(θ,−pi/2, pi/2) =
(
cos(θ/2) −isin(θ/2)
−isin(θ/2) cos(θ/2)
)
(B1)
From Eq. (B1) we can infer that:
U3 |0〉 = cos(θ/2) |0〉 − isin(θ/2) |1〉 (B2)
U3 |1〉 = cos(θ/2) |1〉 − isin(θ/2) |0〉 (B3)
For some simplicity let us write,
U3 |0〉 = α |0〉+ β |1〉 (B4)
U3 |1〉 = β |0〉+ α |1〉 (B5)
That is to say, we have:
α = cos(θ/2) (B6)
β = −i sin(θ/2) (B7)
6with |α|2 + |β|2 = 1. Using this formalism, for Fig.
3 i.e., for quantum circuit with two U3 gates, we can
analytically obtain the result for the survival probability
of obtaining state |0〉 as explained below:
Step 1: U3 operates on |0〉
|ψ1〉 = U3 |0〉 = α |0〉+ β |1〉 (B8)
Step 2: CNOT acts on |ψ1〉 ⊗ |0〉
|ψ2〉 = CNOT (α |0〉+ β |1〉)⊗ |0〉
= CNOT (α |00〉+ β |10〉)
= α |00〉+ β |11〉 (B9)
Step 3: U3 operates on |ψ2〉
|ψ3〉 = U3(α |00〉+ β |11〉)
= α(U3 |0〉)⊗ |0〉+ β(U3 |1〉)⊗ |1〉
= α(α |0〉+ β |1〉)⊗ |0〉+ β(α |1〉+ β |0〉)⊗ |1〉
= α2 |00〉+ αβ |10〉+ αβ |11〉+ β2 |01〉 (B10)
Step 4: CNOT acts on |ψ3〉 ⊗ |0〉
|ψ4〉 = CNOT (|ψ3〉 ⊗ |0〉)
|ψ4〉 = CNOT (α2 |00〉+ αβ |10〉+ αβ |11〉
+β2 |01〉)⊗ |0〉
= CNOT (α2 |000〉+ αβ |100〉+ αβ |110〉
+β2 |010〉)
= α2 |000〉+ αβ |101〉+ αβ |111〉
+β2 |010〉 (B11)
Step 5: Measurement on first qubit of |ψ4〉
This gives the probability of getting |0〉 for the first
qubit as:
Ps = |α2|2 + |β2|2 = α4 + β4 (B12)
For Fig. 3, we have θ = pi/2 this result comes
out to be: Ps = cos
4(θ/2) + sin4(θ/2) = cos4(pi/4) +
sin4(pi/4)=0.7500 theoretically and 0.7475 from IBM QE
(as plotted in Fig. 6). A similar treatment for three
U3 gates of θ = pi/6 yields the probability of obtain-
ing state |0〉 to be |α|6 + 3|α|2|β|4 = cos6(pi/12) +
3cos2(pi/12))sin4(pi/12). This result comes out to be
0.8247 theoretically and 0.8223 from IBM QE (as plot-
ted in Fig. 6). So, we can see a close agreement between
the theoretically predicted outcomes and the ones given
by IBM QE. We can extend this argument to all other
values of θ and n as well.
